A 72-year-old woman presented with a thoracic aortic aneurysm that was found to have increased from 5.1 cm to 7.1 cm. Due to the increase in size, the aortic aneurysm required endovascular repair. After deployment of a GORE C-TAG stent graft, a distal type 1 endoleak was still present, requiring deployment of another stent to achieve total coverage. The aorta had an angled anatomical variation often associated with type 1 endoleaks causing technical difficulty with conventional deployment of the graft. By employing a novel Parachute technique, the graft was selectively deployed at the distal end, and the position was adjusted to fit the angulation of the aorta, followed by selective deployment of the proximal end. This selective deployment allowed for the adjustment necessary to effectively cover the endoleak.
A ortic aneurysms are a signifi cant contributor to morbidity and mortality in the United States, with an incidence of thoracic aneurysms estimated at 5.9 cases per 100,000 person-years (1) . Descending aortic aneurysms make up approximately 40% of all thoracic aneurysms and should be repaired once they expand to 6.0 cm to avoid the complication of aneurysm rupture. Th e fi rst thoracic endovascular aortic repair (TEVAR) was reported by Dake in 1994 (2) , and since then, TEVAR has become the standard of care due to its lower morbidity and mortality compared with open repair. Th e aortic aneurysm anatomy is the most important criterion in the ability to successfully repair these aneurysms via an endovascular approach, and variations in the individual's anatomy can cause technical diffi culty with deployment of grafts. Here we present a case in which diffi cult aortic anatomy led to a type 1B endoleak, which was managed by a novel technique of selective graft deployment which we call the Parachute technique.
CASE REPORT
A 72-year old woman with known hypertension, hyperlipidemia, chronic obstructive pulmonary disease, a chronic type B aortic dissection (measuring 5.1 cm at time of diagnosis 5 years earlier), and an open abdominal aortic aneurysm repair (10 years earlier) presented with dyspnea and chest pain. She was initially diagnosed with recurrent pneumonia and sepsis, and during workup, a computed tomography (CT) angiogram of the chest confi rmed the type B aortic dissection. Th e diameter of the descending thoracic aorta had increased to 7.1 cm ( Figure 1 ) and was compressing pulmonary vasculature, thus requiring repair.
In the operating room via percutaneous femoral artery access, an aortogram identifi ed the proximal and distal fenestrations, and the appropriate origin vessels were marked. A GORE TAG thoracic endoprosthesis stent graft device measuring 37 mm × 10 cm was deployed just distal to the orifi ce of the left subclavian artery followed by a 45 mm × 15 cm stent graft distally. Th e postdeployment aortogram showed an excellent proximal seal, but due to the tight stenosis and angulation in the true lumen distally, the graft did not have fi rm apposition attachment zone length, which can lead to technical diffi culty in eff ectively landing a graft over the leak. In our patient, the distal fenestration allowing blood fl ow to pressurize the aneurysm sac in a retrograde fashion had an angled anatomical variation. Simultaneous deployment of the proximal and distal ends of the GORE C-TAG stent graft was not allowing for angulation of the graft necessary to cover the leak. By extending the graft distally and angulating the graft to lay in tight apposition with against the aortic wall, which caused a late distal type 1 endoleak ( Figure 2) .
Th e GORE C-TAG stent graft is designed to deploy the distal and proximal end simultaneously by pulling two strings twisted together into one pull mechanism (Figure 3a) . Th is mechanism can be untwisted and the proximal and distal side of the graft tested to determine which string controls the proximal or distal end by tugging a loop of the deployment string on the graft (Figure 3b) . To improve the ability to land the stent graft precisely, a 45 mm × 15 cm stent graft was deployed in a selective manner by separating the two pull strings at the deployment knob and initially deploying the proximal aspect of the stent graft, followed by adjusting the positioning of the stent graft by pushing up on the control end of the delivery catheter, and then deploying the distal portion of the stent graft by pulling the second deployment string (Figures 3c, 3d ). Th us, the distal fenestration was sealed off the previously identifi ed late type 1 endoleak without having to extend the stent graft further down the aorta.
Th e postdeployment angiogram revealed complete exclusion of the thoracic aortic dissecting aneurysm. A CT angiogram of the chest performed on postoperative day 10 also showed the stent graft to be in good position without an endoleak (Figure 4) . Th e patient survived to discharge but later succumbed to comorbidities unrelated to the aneurysm.
DISCUSSION
An endoleak, fi rst described by White (3), is a dreaded complication that, if left untreated, places the patient at risk for aortic rupture, hemorrhage, and death. A type 1 endoleak is defi ned as fl ow into the aneurysm sac either from the proximal attachment zone (1A) or distal attachment zone (1B). A type 1 endoleak is a clear failure of the graft to occlude blood fl ow from the aneurysm sac, which would allow the aneurysm sac to continually be pressurized, risking rupture. When recognized it should be addressed immediately.
Type 1 endoleaks are commonly associated with anatomical variations such as aortic aneurysm angulation and short Novel technique of selective stent deployment in complicated thoracic aortic aneurysm July 2017 the aortic wall, the graft eff ectively landed across the leak. Offlabel modifi cation of separating deployment strings and thus selectively deploying the distal end of the GORE C-TAG stent graft allowed successful management of the aortic angulation. Th e position of the graft could then be adjusted before deploying the proximal end of the graft.
Th e GORE TAG stent graft has undergone several engineering modifi cations since its introduction in 2001. Th e fi rst-generation GORE TAG stent graft had a long wire along the length of the stent graft, which limited its pliability. In the second generation, the spine wire was removed and the expanded polytetrafl uoroethylene (ePTFE) material was thicker. In the third-generation GORE C-TAG stent graft, ePTFE is only partially attached to the stent, which allows the C-TAG stent graft to have increased conformability. Th e GORE TAG deployment strings were originally made to release the stent graft from the middle portion of the graft outwards towards the ends of the graft simultaneously to theoretically avoid the wind sock eff ect, but in this case it was found that by individually pulling the deployment strings, there was better control and accuracy in deployment of the graft without concern for the stent graft coming off the deployment catheter. After the fi rst deployment string is pulled, the stent graft is still secured adequately to the delivery device to allow for minor positional adjustments by either pushing up or down on the device before deploying the remaining portion of the stent graft. Th e stent graft can be bent/ curved along with the stiff wire outside the body prior to being placed into deployment position to improve proper landing of the graft. Th e GORE C-TAG stent graft can also be selectively deployed in a reverse manner.
Future generations of thoracic stent grafts should allow for more precise control over deployment. For example, the GORE AAA conformable stent graft, currently in clinical trials, off ers the ability to adjust the proximal portion of the stent graft prior to deployment, similar to the method we found by selective deployment in our Parachute technique. Until then, this novel technique off ers the possibility of more precise GORE TAG stent graft placement.
